LIST OF FIGURES Figure 2-1:
A coaxial conductor with a rectangular outer conductor and a thin strip 1 inner conductor. The finite element method is based on variational principles developed for the most part in the last century. While a complete exposition of these principles is beyond the scope of this course, an introduction to the essential elements of variational calculus is required as a foundation for the procedures to follow.
Variational principles for electromagnetic field problems can be derived from two alternative points of view, namely by using Galerkin's method or by using the Rayleigh-Ritz method. Since
Galerkin's method is considerably easier to understand than the Rayleigh-Ritz method, and is fact turns out to be more general, this lecture will concentrate on the development of Galerkin's method. Application to electromagnetic field problems will be illustrated by simple examples.
A SIMPLE POTENTIAL DISTRIBUTION PROBLEM
A typical electromagnetic field problem which we may use for illustrative purposes is the following: Determine the electrostatic potential distribution ^<x.y) and the capacitance of the coaxial conductor shown in small residual error in the orthogonal subspace. As we shall see in the next lecture, the choice of approximation functions is a major concern in finite element analysis.
THE RAYLEIGH-RITZ METHOD
The Galerkin equations (9) can also be derived from an energy point-of-view using a procedure 
A SIMPLE EXAMPLE
We will illustrate the ideas presented in the previous sections with a simple example. Consider the infinite parallel plate capacitor illustrated in Figure 5 We will therefore make a one-term approximation of the potential distribution f(x)
where the approximation function a (x) is l (x) -x 2 -2x
The matrix S of equation (10) is one by one. We evaluate it as follows: where F is the boundary of the region fl We will now show that imposing boundary conditions only approximately in Galerkin's method has some advantages over the exact approach.
Suppose that we have solved a boundary value problem using Galerkin v s method and have required that the approximation functions satisfy the boundary conditions exactly, as in the example in the preceding section.
Since the solution is approximate, it must bend to match the true solution as well as it can, but it is constrained rigidly to a prescribed behavior on the boundary. If we loosen the condition boundary a little bit, requiring that the solution satisfy the boundary condition. Closely but not exactly, then the approximate solution will be more free to match the true solution in the problem interior. The highest overall accuracy is obtained not with the approximate solution which satisfies the boundary conditions exactly but with that solution which gives the smallest overall error to both the differential equation and to the boundary conditions.
Since equation (40) is an operator equation, we may use Galerkin's method to approximate it
On doing so, we obtain the matrix equation DeUils of the specific polynomials used to obtain this solution are left to the next lecture. Figure 1 
Figur« 8-1: EquipotentUl contours in the two-conductor electrosUtics field problem given in

